Central haemodynamics in 23 patients with mitral stenosis and 7 control subjects were compared with the results of regional lung perfusion studied by 133Xe, pulmonary scintigraphy with 99mTc-labelled macro-aggregates of albumin, and regional ventilation by 133Xe.
It is generally known that patients with mitral stenosis have a vertical distribution of pulmonary perfusion different from that of control subjects. In seated normal subjects, the lower pulmonary zones are better perfused than the upper ones (West and Dollery, I960; West, I962; Ball et al., I962; Widimsky et al., I965; Bake, Bjure, and Widimsky, I968) , whereas in seated patients with mitral stenosis, the upper pulmonary zones are better perfused (Dollery and West, I960; West, Dollery, and Heard, I965; Dawson, Kaneko, and McGregor, I965) . The change in the perfusion gradient may have a connexion with the degree of the mitral stenosis, and to a certain extent it could be related to the haemodynamic severity of the lesion, as shown by Dawson et al. (i965) , who used the radioactive 133Xe method, and by Friedman and Braunwald (1966) , Steiner and Quinn (i968) , and Kunieda (i967) , who used lung scintigraphy with 1311-labelled albumin macro-aggregates.
The purpose of this work was (i) to study the distribution of ventilation in mitral stenosis patients; (2) to evaluate the possibility of using the change in the distribution of ventilation for assessing the severity of mitral stenosis; and (3) to compare the distribution of perfusion studied by means of 133Xe with lung scanning technique.
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Both the distribution of ventilation and perfusion studied by 133Xe was determined with the simplest radioisotope apparatus, which is available in nearly every radioisctope diagnostic unit.
Methods
Our series comprised 23 patients with mitral stenosis and 7 control subjects. I9 patients with mitral stenosis and 6 control subjects were examined for regional pulmonary perfusion with 133Xe. Thirteen of the total number of mitral stenosis patients and one control subject were examined for regional pulmonary ventilation with 133Xe. Scintigraphic examinations of regional pulmonary perfusion were performed in ii patients with mitral stenosis and 3 control subjects. All patients had a complete haemodynamic examination within one week of the isotope tests.
Haemodynamic data were obtained in recumbent subjects by catheterization of the left and right heart. The pressures in the pulmonary artery, in the wedged position or in the left atrium, were measured by electromanometers Elema, and recorded by the direct-writing Cardirex (Siemens) recorder. For the left atrial pressure, values of pressures in the left atrium obtained by transseptal catheterization or pressures in the wedged position were used. The cardiac output was measured by dye dilution method. Indocyanine green was injected into the main branch of the pulmonary artery in amounts 3-5-60o mg. of a 5 mg.fml. solution for each injection. Blood was sucked through a densitometer at constant rate by means of a pump from a catheter with the tip situated just below the aortic arch. The suction rates were I12 ml./sec. The densitometer and recording device were the Cambridge Dye Dilution Outfit Mark II. The cardiac output was calculated according to the method of Stuart-Hamilton (Hamilton et al., 1932; Hamilton, I962) .
Pulmonary vascular resistance was calculated from the formula:
PVR PPA-PLA(PCV) mm. Hg/l. per min. co Regional pulmonary perfusion was assessed with the aid of radioactive 133Xe and the standard two detectors diagnostic unit, as used in renography. Scintillation detectors with crystals 5 cm. in diameter were equipped with collimators with a relatively large visual field. The collimators were i6 cm. long, with an external orifice of IO cm. The spectrometer windows were set on the 8i keV photopeak.
The detectors were attached to the posterior chest wall of sitting patients, in such a way that one of them was measuring the radiation coming from the upper left lung field and the other from the lower right field. About IOO-200 11Ci of 133Xe in saline were injected into the cubital vein while the subject held his breath at total lung capacity with the glottis opened. With the subject holding his breath the counting rate measured by the extrathoracic detectors rises until it reaches a plateau. Breath holding is controlled by another probe placed in the expiratory tube or by a spirometer. After reaching the plateau the patient breathes into the closed circuit of the spirometer with a CO2 absorber until an equilibrium of 133Xe concentration between the spirometer and lungs is reached. Afterwards the patient holds his breath again at total lung capacity. The heights of the curves enable correction of the ratio of the upper and lower lung field perfusion to alveolar volume from which the radiation is detected according to the formula used in our laboratory (Oppelt et al., 1966) .
U/L -height of the upper zone primary plateau height of the lower zone primary plateau height of the lower zone plateau after rebreathing x height of the upper zone plateau after rebreathing This method was compared in a group of 9 subjects with a scintigraphic method using macroaggregates of albumin labelled with 99mTc. These were administered in the amount of 200-500 ,tCi in a sitting position.
Anterior scintigrams were then obtained in the supine position using a Siemens Nucleograph with a crystal 4.5 cm. in diameter and a sevenhole IO cm. long collimator with a focal length of 10 cm. The patient's chest was supported with a pillow in order to keep it in a horizontal position. The dependence of the perfusion gradient on the left atrial pressure (or on the wedge pressure), and on the pulmonary arterial pressure (established in Ig patients with mitral stenosis and 6 control subjects), is statistically significant (r = + 0-75I for the left atrial pressure, and r = + 0735 for the pulmonary arterial pressure, both at the significance level p < oooi).
Analogous statistically significant correlations were found by the scintigraphic method in I I patients with mitral stenosis and 3 control subjects for the left atrial pressure (r = + 0o745, p < ooi), and for the pulmonary arterial pressure (r = + o826, p < oooi), as is seen from Fig. 3 .
We also found a positive correlation of the perfusion gradient with the pressure gradient   FIG. 2 Correlation between values of perfusion gradients, obtained respectively by method using 133Xe (UIL Xe) and pulmonary scintigraphy (UIL MAA). between the pulmonary artery and the left atrium. This correlation, though not too close, is statistically significant for both the scintigraphic (r = + 0o584, p < oo5) and the 33Xe methods (r = + 0-552, p < O-OI).
If, in mitral stenosis, the left atrial pressure or the pulmonary arterial pressure, but also the pressure gradient between the pulmonary artery and the left atrium, increase, then also the pathological distribution of ventilation increases so that the higher the pulmonary arterial pressure (r= +o-882, p <oooi) (Fig. 4) , the left atrial pressure (r = + 0o704, p < OOI) (Fig. 5) , or the gradient between these pressures (r = + o872, p < o ooi) (Fig. 6) , the poorer the ventilation of the lower lung zones when compared to the upper zones.
The same relationships are found if pulmonary vascular resistance values are used instead of pressure values. condition connected with pulmonary hypertension or increased pulmonary blood flow, e.g. primary pulmonary hypertension (Steiner and Quinn, I968) , congenital heart disease involving left-to-right shunts (Dollery et The same conclusion is valid again in that the ventilation gradient may be brought level, but never reversed, in consequence of this error. Admittedly, haemodynamic examinations will retain their fundamental value for assessing the significance of mitral stenosis. Nevertheless, radioisotope methods may be accepted as useful supplementary means of examination, particularly because of their simplicity and acceptability for the patient. They can be valuable especially in long-term and repeated studies, and can indicate the progression of the disease, and, in appropriate cases, the success of surgery.
